Objective: There are concerns that structured electronic documentation systems can limit expressivity and encourage long and unreadable notes. We assessed the impact of an electronic clinical documentation system on the quality of admission notes for patients admitted to a general medical unit. Methods: This was a prospective randomized crossover study comparing handwritten paper notes to electronic notes on different patients by the same author, generated using a semistructured electronic admission documentation system over a 2-month period in 2014. The setting was a 4-team, 80-bed general internal medicine clinical teaching unit at a large urban academic hospital. The quality of clinical documentation was assessed using the QNOTE instrument (best possible score ¼ 100), and word counts were assessed for free-text sections of notes. Results: Twenty-one electronic-paper note pairs (42 notes) written by 21 authors were randomly drawn from a pool of 303 eligible notes. Overall note quality was significantly higher in electronic vs paper notes (mean 90 vs 69, P < .0001). The quality of free-text subsections (History of Present Illness and Impression and Plan) was significantly higher in the electronic vs paper notes (mean 93 vs 78, P < .0001; and 89 vs 77, P ¼ .001, respectively). The History of Present Illness subsection was significantly longer in electronic vs paper notes (mean 172.4 vs 92.4 words, P ¼ .0001). Conclusions: An electronic admission documentation system improved both the quality of free-text content and the overall quality of admission notes. Authors wrote more in the free-text sections of electronic documents as compared to paper versions.
BACKGROUND AND SIGNIFICANCE
Electronic health records (EHRs) are viewed as key components of high-quality and effective health care systems of the future. [1] [2] [3] [4] [5] A quality improvement advantage of EHRs over traditional paperbased systems is the automated generation of data for secondary analyses, 2, 5, 6 an advantage that has prompted many builders and purchasers of electronic systems to emphasize structured documentation over unstructured narratives. However, there are concerns that structured data entry results in documentation systems that limit expressivity, interfere with workflow, and generate excessively long and unreadable notes. [6] [7] [8] [9] Recent policy statements from the American Medical Informatics Association and the American College of Physicians echo these shortcomings of EHRs, noting that improving the quality and communicative potential of documentation is key to realizing the potential of future electronic systems. 6, 10 While many assessments of note quality have focused primarily on the presence or absence of specific data in the documentation, 1, [11] [12] [13] [14] the QNOTE tool allows for an assessment that balances the existence of relevant data and how it is presented. 15 QNOTE is a scoring rubric for the quality of documentation derived through a multistakeholder process that places strong emphasis on reader-centric characteristics like clarity, completeness, and organization. 16 It was validated in a population of ambulatory patients with type 2 diabetes. 15 Preprinted and structured paper-based admission documentation has been found to increase the recording of relevant clinical details while also creating shorter notes. 17 To the best of our knowledge, however, no prospective evaluations of the impact of electronic systems on the quality of hospital admission documentation have been conducted. In particular, no evaluations have used an assessment metric like QNOTE that accounts for nuances of narrative, such as author-to-author expressivity.
OBJECTIVE
The goal of this randomized crossover study was to determine if the use of a semistructured electronic documentation system, compared to handwritten paper documentation, had an impact on the quality of admission notes written by the notes' primary authors on a general internal medicine service at an academic hospital. Documentation was assessed using QNOTE. 15 
METHODS

Study design
This study used a prospective randomized crossover design to compare the quality of paper admission notes to that of admission notes generated by the same author, on different patients, using an electronic documentation system. An assessment of the reliability of the scoring rubric, QNOTE, in the inpatient setting was also done across 8 independent physician raters.
Setting
The study was conducted in an 80-bed inpatient academic general internal medicine (GIM) unit in Toronto, Ontario. The GIM unit had 4 teams that admitted patients from 12:00 to 8:00 on weekdays and all day on weekends. Each admitting team consisted of 1 senior resident, who supervised a group of junior residents and medical students who had primary responsibility for completing new patient admissions. Each junior resident or medical student was on call approximately every fourth day and admitted 1-3 patients per call.
Randomization
During each 4-week resident block, 2 admitting teams were randomly selected to complete paper admission notes for 2 weeks, followed by electronic admission notes for 2 weeks. The other 2 admitting teams were randomly selected to complete electronic admission notes for 2 weeks, followed by paper admission notes for 2 weeks. Admission notes were eligible for inclusion in the study if the author of the note had completed at least 1 paper note and at least 1 electronic note during the same 4-week block. For each such author, 1 paper note and 1 electronic note were randomly selected using a random number generator (Excel for Mac 2011).
Population
Admission notes generated by primary authors on the 4 teaching teams were eligible for inclusion in this study. These notes were the primary authors' work alone and had not yet been annotated or modified by supervising senior trainees or attending physicians. Admission notes generated by physicians on a fifth nonteaching team that admitted patients from 8:00 to 12:00 on weekdays were excluded. At times, the nonteaching service would be full or unavailable; notes completed between 8:00 and 12:00 by a teaching service in these circumstances were still included.
In addition, admission notes were excluded from the analysis if they were written by an individual who did not receive training on the electronic system, by triaging senior residents in the emergency department, by attending physicians, during an electronic system downtime, or on patients transferred to GIM from another service, such as the intensive care unit. Admission notes written by senior triaging residents or attending physicians at our institution are rare and typically written during periods of extreme workload. During the trial period, triaging senior residents and attending physicians were given the option of continuing to use paper temporarily while they indirectly became acquainted with the electronic system.
Residents rotated on GIM in 4-week blocks, and medical students rotated in 8-week blocks. The study was completed over an 8-week period between May 5, 2014, and June 29, 2014, which comprised 2 consecutive 4-week resident rotation blocks.
Residents and medical students who rotated on GIM during the study period were asked to complete written informed consent; notes written by those who consented were included in the review and analysis. The St Michael's Hospital Research Ethics Board approved the study.
Intervention
At the beginning of the 2014 academic cycle, the hospital implemented a fully electronic admission documentation system on the GIM unit. Admission notes were semistructured, with typed data input. Two sections were entirely free text: History of Present Illness (HPI) and Impression and Plan (I&P). The other sections were semistructured, allowing for structured input through pick-lists and other clickable options combined with free-text annotation. The most highly structured section was the medication list, designed to act concurrently as an admission medication reconciliation document.
Outcome assessment QNOTE QNOTE is a scoring rubric for the quality of clinical documentation. 15 An assessor judges a note on the attributes of clarity, completeness, brevity, currency, organization, prioritization, and sufficiency of information. A reviewer assesses a subset of these attributes for each of the note's 12 primary sections (Chief Complaint, History of Present Illness, Problem List, Past Medical History, Medications, Allergies, Social and Family History, Review of Systems, Physical Examination, Assessment, Plan of Care, and Follow-up) as absent, not acceptable, partially acceptable, or fully acceptable. These 4 outcomes are scored as 0 points, 0 points, 50 points, or 100 points, respectively, with the overall score of a section being the average of the attribute scores for that section. The overall score of the note is the average score of the 12 required sections, scaled to a maximum value of 100.
The QNOTE instrument's scoring components were initially derived through a rigorous multistakeholder process that involved clinicians, nursing staff, administrators, and patients from 2 tertiary medical centers, 2 community hospitals, and 2 ambulatory clinics. 16 These parties participated in focus groups and interviews with purposeful sampling to achieve maximal diversity of participants as well as saturation of codes and themes. The goal was a general-purpose scoring rubric with applicability across ambulatory and inpatient settings and diverse health care conditions. The tool was validated in a study of 300 clinical notes in an ambulatory population of patients with type 2 diabetes against a global score. 15 However, neither QNOTE nor the global rating instrument (a simple "unacceptable," "partially acceptable," or "fully acceptable" scale) were disease-or setting-specific. As the tool was derived in large part in a setting similar to ours, and as the validation was against a similarly general tool, we are confident that the tool is directly applicable to our population.
A key advantage of QNOTE is that it scores subsections individually, allowing for the differential assessment of free-text sections apart from the overall note. This is not possible with global scoring rubrics, such as the PDQI-9. 18 
Note transcription
To reduce potential reviewer bias due to handwriting or layout, all notes were transcribed into a common word-processing format. Headings were written in all caps, and text was formatted in 11-point Arial font. The reformatting was done in order to (1) de-identify both the authors and the patients and (2) remove the potential rater-associated biases that could arise due to poor handwriting or layout choices in the documents.
All notes were de-identified as to author, date and time of admission, and all patient-identifying data, including the dates of procedures and names of treating physicians and facilities. All notes were transcribed using consistent white space rules that included double line spacing after headings, subheadings, and paragraphs.
For the electronic notes, computer-generated headers were removed and highly structured parts of the note were converted into phrases using a prespecified schema: eg, a radio button providing a present/absent option for "ascites" would be converted into either "No ascites" or "Ascites present."
For the paper notes, hand-drawn symbols that could not be created with a maximum 2-key combination were replaced with the most appropriate word in context: eg, ""'ing" could be replaced by "increasing." Paper notes were ordered assuming a top-to-bottom, left-column-to-right-column order unless, through the use of dividers, the author had implied another order.
Investigations that involved a symbolic representation of laboratory values were recreated using MS PowerPoint for Mac 2011, without any annotation or explanation.
No attempt was made to reorder sections or rename section headings. Bullets, abbreviations, and other structural marks were maintained as written. Other than the replacement of symbols as above, no author-generated content was modified in any way.
A single researcher transcribed the notes. During the transcription process, 23 phrases from the paper notes were extremely difficult to read. These phrases were examined independently by a second researcher, resulting in a consensus reading for 22 of the 23 phrases. One phrase could not be deciphered and was removed from the note, but this deletion was not felt to change the overall meaning of the note.
At the time of transcription, information available in the notes was used to calculate the patients' Charlson and age-adjusted Charlson comorbidity indices 19 so that the severity of illness of patients in respective groups could be compared. The number of total admissions during the same day as the studied note was captured as a measure of workload. Basic demographic information on the patients (age, gender) and on the notes (weekend vs weekday, time of day) was gathered to look for systemic differences.
Outcomes
The primary outcome of the study was the quality of the documentation as measured by the QNOTE instrument on a 100-point scale. Secondary outcomes included the quality (as a subjective measurement) and length (as an objective measurement) of 2 free-text sections of the notes: HPI and I&P. Beyond being a more objective measure, length also gives the opportunity to assess how authors behave with an electronic vs paper medium when allowed the freedom to be either more concise, which should allow for faster documentation, or more expansive, which should allow for more comprehensive documentation. In the paper notes, the HPI was defined as any text included after a heading obviously marking that section up to and excluding the next heading. The I&P section was variably named, but included all text, not including headings, related to the summation of the case and any differential diagnosis and plans. The quality of the HPI was defined as the average score for QNOTE section 2 ("History of Present Illness (HPI)"). The quality of the I&P was defined as the average of the average scores of QNOTE sections 10 through 12 ("Assessment," "Plan of Care," and "Follow-up Information"). Both scores were again out of 100 points.
Section lengths were measured using the word-count function in MS Word for Mac 2011.
Evaluation and analysis
Eight physician raters (3 general internists and 5 internal medicine subspecialists) reviewed all notes. Each rater received the notes in a random order and graded them using the QNOTE instrument. As in the original QNOTE study, no training on the use of the instrument was given to the raters.
All quality measures and section lengths were analyzed using paired t-tests. The P-value required for statistical significance was set at a level of 0.01 (Bonferroni correction for 1 primary and 4 secondary outcomes). Interrater reliability was measured using the average intraclass correlation (ICC) for consistency. Statistical analyses were completed in Stata 12.1 for Mac.
Using the test characteristics of the QNOTE instrument as defined in a study by Burke, 15 we set a lower threshold of 12 pairs of notes, or 24 notes, for our study to be adequately powered to detect an increase in 10 points with the QNOTE instrument (population mean 65 points, alternate mean 75 points, standard deviation ¼ 8.84, 2-sided alpha 0.01, beta 0.90, single sample power calculation). There is no reference standard for what is a clinically meaningful difference in points using the QNOTE scale; 10 points, or 10% of the overall possible score, was considered a reasonable difference that would relate to a true difference in quality to a reader.
RESULTS
A total of 564 admissions to GIM were identified during the study period, of which 303 notes by 21 authors were available for analysis ( Figure 1 ). The authors consisted of 14 first-year residents and 7 third-year medical students. For each author, 1 paper note and 1 electronic note were selected, yielding a total of 42 transcribed and evaluated notes. There were no significant differences in the following characteristics of the electronic and paper notes: day of the week of the admission, time of day of the admission, and total number of admissions on the day the note was written (Table 1 ). There was also no significant difference in the percentage of authors whose first note was paper vs electronic. As well, there was no difference in major patient characteristics including gender, age, and comorbidity as assessed by the Charlson and age-adjusted Charlson comorbidity indices. 19 
Local Reliability of QNOTE
The average ICC was 0.93 for the overall quality measure (average ICC, 2-way random effects, consistency of agreement, 42 targets, 8 judges, 95% CI, 0.90-0.96), indicating a very high level of agreement across the 8 independent raters. Average ICC for the HPI subsection quality was 0.78 (0.66-0.87) and for the I&P was 0.78 (0.67-0.87).
The ICCs for our paper and electronic notes show a general tendency to be lower than in the Burke study, 15 but with overlapping confidence intervals in all instances ( Table 2 ). The one exception is the overall paper assessment, where the ICC in our study was higher ( Table 2) . A full section-by-section summary of the quality assessments shows significantly better quality across most sections of the note, except the chief complaint, the problem list, and the follow-up plan (Table 4) .
Regression analyses relating HPI length to HPI quality, I&P length to I&P quality, and the combination of HPI and I&P lengths with overall quality show length to be significantly positively associated with quality. However, the absolute impact on quality scores is modest (Table 5) .
DISCUSSION
This prospective randomized trial demonstrates an improvement, as measured by the QNOTE tool, in the quality of admission notes when authors use a computer-based documentation system compared to writing paper notes. Most sections of the note, including the unstructured free-text sections HPI and I&P, improved in quality when compared to paper notes by the same author. A significant increase in word count in the electronic free-text sections was also observed, although this related only modestly to the overall improvement in the quality of those sections.
Our study confirms and augments the retrospective findings of Burke and colleagues, 20 who also used the QNOTE instrument in a 2015 study. Using eye-tracking technology, a recent study found that most sections of electronic documentation were systematically ignored by readers with the exception of the Impression and Plan, and that more than 90% of all of the content in verbal patient handoffs was found in this same section. 21 Our electronic documentation system improved the quality of this important section, and the History of Present Illness, while allowing the author complete freedom over structure and content. Thus, the imposition of structure is not a prerequisite to improvement in quality. Future studies should specifically assess the quality of structured vs free-text HPI and impression sections.
That the same author would write more when given the freedom to write less in an unrestricted free-text section is surprising. We assumed, given the previously noted workflow challenges with structured documentation, 6 ,10 that authors would use this freedom to write less and make up for temporal inefficiencies elsewhere in the note. Our free-text documentation had no features, such as macros allowing the import or prepopulation of text, that would increase the efficiency with which authors produce such text, so this does not account for the discrepancy. Multiple studies concerning the compositional process and the impact of word-processing technology on essay composition, however, confirm the tendency of authors to write more when typing vs writing by hand. [22] [23] [24] [25] This may in part be due to the tendency of typed prose to appear shorter than its handwritten counterpart. 26 This increase in the quantity of documentation in narrative sections was associated with a higher quality of that documentation, which may relate, in part, to the increased clarity and completeness that these extra words and phrases bring to a history. Our analysis, while showing a strong correlation between length and quality, does not show a large actual impact on quality due to length; nearly doubling the HPI from 92 to 172 words, for example, given a regression coefficient of 0.073, would increase the perceived quality of that section less than 6 points out of 100 on average. Therefore, factors other than length account for the higher quality of electronic notes.
Authors of electronic documentation approach a writing task differently when they are typing vs writing by hand. 27 In general, the composition of an admission note, which is comparable to the writing of an essay, can be viewed as a recursive activity with multiple processes: prewriting, writing, and revising. 28, 29 These processes are moderated by the individual and by the task environment, of which the composing medium is a core feature. Due to the real-time recursive nature of typed vs written text, authors tend to revise at a higher level (paragraph/overall structure vs word/phrase) when typing. 22, 30 As clinicians are often concurrently synthesizing and writing, a greater capacity for high-level revisions of a clinical document would be expected to lead to a higher-quality document. While essay writers often accommodate for the inflexibility of the handwriting medium by spending an increased amount of time on the thinking and planning (prewriting) phase, 30 this approach is not feasible in the highly interrupted and busy clinical environment.
31,32 .037 Table 4 . Full section-by-section quality assessment (QNOTE score) of paper and electronic notes
QNOTE Section
Paper Electronic P-value Thus, the electronic entry of documentation likely has an impact not only on clinical workflow but also on the cognitive processes underlying that documentation and ultimately the resulting quality of the documentation. This is a key area for future study.
Limitations
This study has a number of limitations.
The improvements in free-text sections of our document may be a consequence of systemic bias across all raters, but the observation that there was an objective increase in the word count written by the same author across the free-text sections counters this notion. Certainly authors approached the tasks differently.
Although raters were not aware of whether a note was produced by handwritten or electronic means, the obvious structural similarities between the different electronic notes makes it essentially impossible to completely blind the raters to treatment. We mitigated this by having each rater assess notes in a random order, and we believe that a high ICC across independent raters reduces, but does not eliminate, the possibility of systemic bias in favor of the electronic versions.
The QNOTE tool has not previously been used in an inpatient setting, its only prior validation being in an ambulatory population. However, the tool was developed for more general usage. The majority of participants used in the derivation of QNOTE were drawn from a general population of tertiary care and community hospitals, 16 providing strong face validity for the generalization to inpatient general medical units. The reliability of QNOTE in our study showed a trend toward being slightly lower than that seen in the validation study by Burke and colleagues. 15 By averaging ratings across 8 raters, this issue is significantly mitigated. More than 50% of our raters were specialists, whereas in the original validation, the raters were exclusively generalists (general internists and family physicians). It is possible that specialists have different expectations of the content of a note, especially if the note pertains to their domain of practice.
There may be significant quality lapses that our instrument did not capture. For example, advance directives or "code status," or even process-oriented features like contingency plans, could be considered core features of any admission assessment for a GIM population, but are not captured in QNOTE. It is important that assessments of documentation quality account for both the "communication-based" quality as is captured in this study and, for items that are considered necessities, a more structural "present/absent" assessment of quality.
Our study does not address whether documentation quality correlates with quality of care. There are studies assessing the impact of paper-and computer-based documentation processes on care quality, but these studies do not evaluate the quality of the documentation as an intermediate process in that care. 12, 33 This study does not generalize well to notes in which the bulk of narrative documentation has been automatically generated by macros, imported electronically, or copied and pasted from other sources. In particular, one cannot assume that our finding that length was positively associated with quality, or even that electronic versions are superior to paper versions, would hold in an environment where this type of facilitated documentation may lead to "note bloat." 6 In such settings, it would be worth studying how the use of these tools impacts documentation quality specifically. Our study does not address any differences that might exist between dictated and electronic data entry. A 2013 study comparing the methods of documentation to outcomes in care found that on none of the studied quality metrics were physicians who dictated superior to those who used either structured electronic or free-text typed notes. 34 However, this study similarly failed to compare the quality of the documentation as an intermediary. Our study was unable to capture the process of documentation and how an electronic system creates new opportunities or barriers. A 2014 study in pediatric ICUs found that note quality was significantly worsened when the author was caring for sicker patients or writing more notes on any given day. 35 Additionally, whether such a system increases the time to complete documentation is not known, as accurate time-stamp data for paper notes is unavailable. Eightyfour percent of our admissions occurred between 16:00 and 8:00. More advanced time-and-motion or other workflow analyses, and how variance in workflows impacts the quality of documentation, is an area for further study. Finally, our study results were obtained in learners and may not be generalizable to the broader population of more experienced clinicians or to nonacademic sites.
CONCLUSIONS
This prospective randomized study confirms that an electronic clinical documentation system improves note quality compared to handwritten documentation. Both the overall quality of documentation and the quality of free-text components of the documentation improved significantly. A significant increase in the quantity of documentation, while not completely explaining the increase in quality, confirms a different approach to free-text documentation when written or typed. These findings suggest that gains in quality associated with electronic medical records are not entirely the result of the automated imposition of structure. How an author cognitively approaches such a task using the 2 media and how the external environment and clinical workflow impact on the quality of clinical documentation are key areas for further study.
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